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Foreword 

The Hypervelocity Light Gas gun testing was performed under contract 
NAS8-38856 from NASA Marshall Space Flight Center (MSFC). These tests were 
performed at the University of Dayton Research Institute (UDRI) under 
subcontract from Lockheed Martin Manned Space Systems. The UDRI 
Program Manager was Mr. Andrew Piekutowski. Specimens, glossy 
photographs, and test records were sent directly to the NASA/MSFC Technical 
Representative. Copies of the photographs and test records are included here as 
part of the contract final report. 

The study contract (NAS8-38856) title was "Structural Damage Prediction 
and Analysis for Hypervelocity Impacts." The Technical Representatives were 
Dr. Joel Williamsen, Mr. Greg Olsen, and Ms. Jennifer Robinson. The testing 
was performed between October, 1990 and September, 1995. 
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RESULTS OF TESTS WITH HEX BUMPER 


The HEX bumper was originally developed for use with the Defensive Shields Demonstration 
(DSD) Program. The University of Dayton Research Institute was a subcontractor to the 
Martin Marietta Astronautics Group in Denver Colorado at the time the HEX bumper was 
designed for use on the DSD Program. The design originated at the University and_was 
essentially made available to interested parties. All HEX bumpers used in the DSD Program 
were fabricated at the University by rolling sheet stock through a special set of rollers. 
Two pieces of 3003-H14 aluminum sheet were rolled to produce the bumpers evaluated in 
Shots 4-1302 and 4-1304. A brief summary of the results of these tests is given in below. 
Contact prints of the multiple-exposure, orthogonal view radiographs of the debris clouds 
produced by the tests are attached. A sketch of the HEX bumper design is also attached. 

TEST DESCRIPTION AND RESULTS 
Shot 4-1302 

Projectile: 9.53-mm-diameter, 2017-T4 aluminum sphere. Mass = 1.2754 g 

Impact Velocity: 6.68 km/s 

Target: 3003-H14 Aluminum HEX, Equivalent thickness of a flat sheet = 

0.0455 inches. The bumper sheet was installed at a 45 degree angle to 
the shot line for the test. A 3 . 1 8-mm-thick, 5456-H1 1 6 aluminum 
witness plate was placed 14.75 inches behind and parallel to the bumper 
sheet. 

X-Ray Times: Approx. 1.5 ps before impact and 8.9, 24.8, and 47.4 ps after impact 


Shot 4-1304 

Projectile: 9.53-mm-diameter, 2017-T4 aluminum sphere. Mass= 1.2751 g 

Impact Velocity: 6.78 km/s 

Target: 3003-H14 Aluminum HEX, Equivalent thickness of a flat sheet = 

0.0455 inches. The bumper sheet was installed normal to the shot line 
- — for the test. A 3 . 1 8-mm-thick, 22 1 9-T87 aluminum witness plate was 

placed 14.50 inches behind and parallel to the bumper sheet. 

X-Ray Times: Approx. 2.0 ps before impact and 8.4, 24.2, and 46.9 ps after impact 
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MANNED MODULE PRESSURE WALL DEBRIS CHARACTERIZATION TEST SUMMARY 
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Velocity, View 2 to View 3 (km/s) 

3 Positive values are distance downrangc of main fiducial; negative values are distance uprangc of main fiducial. 
b Used foil switch on front of rear wall to trigger x-rays for Views 1, 2, and 3. Switch triggered about 4 ps early. 
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CADMIUM-ALUMINUM HYPERVELOCITY IMPACT TEST RESULTS 
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I A* / 7 Ml*/ 

Table 3. Ratios of Mass Density Properties for Aluminum, Cadmium and Zinc. 

Alum Cad Zinc RatioAl/ Ratio 

Cd AiyZn 

STATIC PROPE RTIES — 

Initial Mass Density 170 8.648 113 120 164 — 

Mass density at Melt Beginning 2.57 8.42 6.84 3.28 2.66 

Mass Density at Complete Melt 2.38 8.02 6.60 3.37 2.77 

Mass Density at Vaporization Beginning 2. 1 5 7.73 6.24 3.59 2.90 

DYNAMIC PROPERTIES “ ~ 

Mass Density at Hugonioi Point A 187 11.12 149 187 145 

Mass Density at Hugoniot Point B 4.12 11.79 9.98 2.86 2.42 

Mass Density at Hugoniot Point C 4.61 12.64 9.74 2.74 2.11 

Mass Density at Hugoniot Point D 4.65 12.39 10.52 2.67 2 2 6 

Mass Density at Hugoniot Point E 4,69 12.82 10.04 2.74 2.14 

With regard to the internal energy and the implied velocity scales in Table 2 , it is seen that all energy 
ratios are much more consistent for the dynamic properties than for the purely static properties 
Furthermore, they are all quite different than the simple reference-value sound speeds. Insofar as that 
sound speed value is determined by the initial slope of an isentrope at the reference conditions, it is not 
particularly indicative of the global behavior. Thus, it is probably not the best measure to determine the 
effective velocity scaling. All dynamic energy scales give effective velocity scales of about 1 : 3.1 for 
cadmium, with variations within 10%. There is much more spread for zinc, centering around about 7:2 _5. 
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'f~! -u. f Y 

• A. ReLJr»)& hc 22 i 

n 

Mrw&Jj_or Cak-_Al m. c* v_^a Tein 4rjjtei_ 

mo/h (P~ up) „ to et ,*.;«*> 

,i _ Iff eud^U. p^vjc c 6k < ileinLU-4lu^ J 7, , > 

tit JSC Teih os Su*A+d, m ' 1 '^V 

*£ ~~ 354,3 "/m «® 6l96 3,(2sk S -w/ s 

~~ BS <-° ^/ 32 Di 4 <? 6.94 3 .£,<iZk s -»ls 

Ballistic limit smJeev) rue-se \/Aiues 
Sht^A/o (/dflo'l^ Cku.lt) MoHitAku^fo-Hh) V^cuJr 0\IU / UiUw P/*JP 


Cast - A loin. , 

Tesls 3./ ScsJ* Feed*- o* 

luyLtf Uthahj 

hi 60S 

2.26 3.193 

* 2.Z 7 

/./ n° 

W 2.674 

- 14-4 j^p 

0.1<ao 

2^3 Z. lo/ 

- 3?. 8 J •*«**■ 


4-1723 /.bos 2.26 3.193 4 2.Z Z 

*/ n7Y f-nto Z.2 ? 2.674 - i4 .4 

*-•"* **» «* z-'l, .„. 8 J 

Cad -C ac( Test- 3.1 Scs.lt «, Vefod^ 


+ n.o (^) ii}P ! 

3 ^.syyy ?.Z3 3. //<6 +38.S (p timib) P 

Cad - Ah*.* Itshs * 2-2 S (Sound-Speed RdijScd* FUhr &„ L*f*<J- iklolly 

tZ £2 ?' » -I 


3.23o 
3 -SIS 


*3.4 (aJFLW) y|/pj 
* 3-3 (plw; /UP| 
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4- Pt'e.fafajsfa 22 


Use of 4 3.1 sc*fay -fafa W CU-4/ua^ i‘ tdefrmk.ty «■ 

ksh procedure fa a* aU - a!u* !» uy« sfaeti kit. 

Me kjnJM fan* ^ assume H* s<u*te 4>»dus!m etfaUs b fa 
ll fa Is (Scdej) kste si«U tUs uu om^ olniAMoJfa fa fat- 7 fafi 
(jSuAjlJ.) fash- Sdsn*j Cffxcd^*Aio>\. ca+dti be aCetMru far fa*~ 
faifal -2 k*t* dU 7 fa Is (sfafa). 

l/u °I * 3.) sc*M -*5 fabnr <U<M Cad - (faL is & /dfaoU fad 
proctfavu. ■ 4 kLfa k.d t Ifatfa** fa/ fat r^PM/~ ** fa proefa*} 

tipvJL, urrxjj UdfaUsj fatf b fa* chyrt* of fa fafafan, 

H* ^W- spJuJ-rufao sc*faj hfa afao sir*) falj p^tuJa^j. u> 

fafaJL (Ufa urfafa. fa** a fafa fal-.oJ 

FULaa <n M^b wiUi M fa JSC kids apfeivfa h rtufa 

fayo-M- fa fafavJfatfa*- uro-U 6U'Alu*« fab 

(SoJU faj-rr * 3.1 ) sfa*u buLLtsu* fau b iwfofa- of prtjefaik 

ffaffc eiKdu^u of fapofa- of bt kxwuJjik - uhU frcj^fai 
uns ofa (Sirxfafa. Cfa ~ Cfa f*fa** - 3. () k*d k-H3Z stuurfa 
fart fay I - dfarzi fa - fMy***d- fafat w\ fa Unfauys faM C'KU*. kU*. 
Srfafa fafa*cfafay fafaJ<uM^*~f>*>S<ufak fany^h 

Shit twfalfafa*. fa tfakrtt^UUe kr*fa urf* LnykkAj 

faynfa-U by fa faftfa t>f fa otOfa dCr*M. 7% 
w fad- fad fa fa oM-afa~+~«~« sLa/J ^ Ce 4 fcztuu 

Sdv^faM-r*, bn^tr^u. (2 sfud-U*, S<Ja~*L fafafa 

^ CW - (U-d) fata yt+f £*-*m poSiibfe fa/ fa Mtrd 2 sfaefaf , 

lu* (f) fa (?yvcejfa*4. tn^ re^fauy} 4_ dsd+tiuui 

/ju^ptc <uJl fc+jtokle. X fad /^t«Jw sUJJ. fe 

-yUJU^fa^yfat (A~«t fa 4tlfafic UfaJ- fa Ac *M- ofarnfaj^ sbU/J. 
Urn^M-J^- n***s fat- USC (roMUU'c Jfa*d), +Cua sc+fa*y frrvteJ**^ 
&nJU U USJufaL fa JUrtfa+fa* »2 Ml- dJfafa***** ofad. fad 2- 
S Xjjfab tU fUjbu. /tse&zdffa. <UlJ 

/\rclfaMjb jj (irayyr^i ptrstJ* <** fa (hdfa cJLrxJ* <w. 
frY fan (IrdrzLUts,-- 3~ fa/s 6.7 k*~/s "" 

fa H fa Is t$c*u) W (Ui -kp «. '/e+f *<f faU/Cfa 
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